Abstract Background/purpose: The classification and treatment of odontogenic keratocyst (OKC) are controversial. The objective of this study was to present the efficiency of decompression followed by enucleation by clinical and histomorphometric evaluation for the treatment of OKC. Materials and methods: Thirty four OKCs of 27 patients who underwent decompression followed by enucleation were included in this study. Clinical and histomorphometric analysis were performed. Results: The average decreasing rate was 59% in maximum diameter, 66% in the amount of the volume for the average of period of the decompression was 9.8 months. The mean of increasing rate of the thickness of the epithelial lining was 921.16%. There were no recurrences for a mean follow-up period of 5.8 years. The thin and friable cyst wall of the OKC was changed to thickened, hard type. Conclusion: The decompression was found to be effective and reliable as a treatment of the OKC to decrease the recurrence tendency, even for Gorlin-Goltz syndrome. 
Introduction
The odontogenic keratocyst (OKC) was classified by The World health Organization (WHO) in 2005 as a benign tumor that has an odontogenic epithelium with mature, fibrous stroma without odontogenic ectomesenchyme. The WHO recognized that keratocystic odontogenic tumors (KCOTs) have the potential to be aggressive and that careful follow up is essential after treatment. 1 KCOT was reclassified as OKC in the classification of developmental odontogenic cysts and relocated from the neoplastic category back into the cyst category until there is more definite evidence for classifying as KCOT by WHO in 2017 with calcifying cystic odonogenic tumours. 2, 3 Because patched homolog (PTCH) gene mutations are only found in 30% of sporadic OKCs, such genetic alterations have been even reported among several non-neoplastic lesions, including dentigerous and orthokeratinised odontogenic cysts. 3, 4 Also, OKCs can be completely regressed following decompression and the lining of decompressed cyst changed more like oral mucosa histologically unlike neoplasms. 5 The modality of treatment of OKC remains still controversial, even the question of nomenclature whether the OKC is a cyst or a cystic neoplasm is certainly to be answered yet. 6, 7 When surgery is selected, minimizing both the risk of recurrence and the surgical morbidity, 6 patient assistance for periodical follow-up 8 must be considered. 9 Various modalities of treatment have been introduced from conservative treatment, such as simple enucleation, to aggressive and extreme treatment, such as radical resection. 6, 9 The OKC is aggressive and has a high rate of recurrence; however, with advances in the genetic and molecular research on OKC, more conservative treatment, such as marsupialization has been advocated recently. 6 Many studies have reported the recurrence rates of OKCs treated by decompression, the changes of the volumes or diameters of OKCs after decompression, and the results of comparative analyses between decompression and other treatment methods.
10e12 However, there are few studies that examine the changes in the histology or histomorphometry of the epithelial linings of OKCs before and after decompression. 13, 14 The purpose of the present study was to evaluate the clinical and histomorphologic changes in OKCs before and after decompression. The nomenclature of OKC was used in the present study although all patients were diagnosed with KCOT.
Materials and methods
This study consisted of 34 specimens, histopathologically proven OKCs on the basis of the WHO classification system, 1 obtained from 27 patients. This study was approved by Institutional Review Board of Chosun University Dental Hospital (CDMDIRB-1323-128). This study also limited patients performed decompression followed by enucleation. To minimize errors that arise from differences among surgeons, all procedures were performed by the same surgeon. Clinical data and radiographs were obtained. All of the patients underwent decompression with simultaneous incisional biopsy. After making the individual obturator ( Fig. 1) , each patient was instructed to irrigate the cavity daily and keep the obturator in place for 24 h before enucleation to maintain its patency.
The radiographs were taken every 2 months after decompression was performed. The maximum diameter was measured using panoramic photography before decompression and immediately before enucleation. The amount of the volume reduction was measured before decompression and just before enucleation. After calculating all of cross sectional area involved OKC in computed coronal tomography, it was added and the amount of the volume reduction was obtained. After enucleation, the average of the total thickness of the wall was measured by periodontal probe clinically. And the tissues were histologically compared with those obtained from the incisional biopsy. As described by Telles et al., 14 the thickness of the epithelial lining of each specimen was measured by same examiner. Ten points were measured in each specimen, and the mean values were calculated. The histologic images were obtained by using the ICC50 HD (Leica, Wetzlar, Germany) and the thickness was measured by using the Leica Application Suite, version 4.5 (Leica, Wetzlar, Germany).
Results
Thirty four specimens from 27 patients were included in this study. Sixteen male and eleven female patients whose ages ranged from 14 to 69 years (mean age 36.2 years) participated. Five of them were diagnosed with GorlinGoltz syndrome. They had 2 or 3 multiple OKCs, and lesion which was decompressed included in this study.
Twenty four OKCs were located in the mandible, and ten OKCs in the maxilla. Two patients diagnosed with GorlinGoltz syndrome had OKCs in both the mandible and the maxilla. Twenty six patients had unilocular OKCs, and the only patient whose OKC recurred after simple enucleation had a multilocular OKC. One patient had a secondary infection that ruptured the wall of the OKC in the mandible and induced a severe deep neck infection.
The average of maximum diameter of OKC in panoramic photography was 46.3 AE 38.8 mm before decompression. The average of maximum diameter of the OKC was 21.5 AE 38.2 mm after decompression. The average decreasing rate was 59 AE 21% and the average of period of the decompression was 9.8 months (range, 5e14 months). The average of volume of the OKC in computed tomography was 14800 AE 12100 mm 3 before decompression, Fig. 1 Individual resin obturator was made for irrigation into a cystic cavity.
7400 AE 4900 mm 3 after decompression. The volume reduction rate was 66 AE 28% (Fig. 2) .
Twenty six patients had thin and friable cyst walls that could not be caught by a pincette at the time of decompression except one patient had a secondary infection caused by rupture of the cystic wall. However, thickened, hard cyst wall could be easily removed as one mass from the surrounding bone in each patient at the time of enucleation. The average total thickness of the wall, measured by a periodontal probe, was 3.5 AE 1.5 mm (Fig. 3) .
All of the patients demonstrated typical characteristics of histopathological findings except one patient who had a secondary infection before decompression. The wall of the cystic cavity was constructed of fibrous tissue covered by very thin regular parakeratinized stratified squamous epithelium that had five to eight layers. The basal cells showed columnar cells with palisading nuclei. Many epitheliums were separated from the fibrous capsule, very loose connection between epithelium and connective tissue without rete pegs even if there was not detachment. The change of the cyst wall showed that the epithelium was changed to the hyperplastic stratified squamous epithelium and dense connective tissue with infiltration of inflammation cells after decompression followed by enucleation. The thickness of the epithelial lining before decompression was 365.82 AE 261.87 mm (Fig. 4) . In contrast, the thickness of the epithelial lining after enucleation was 1849.76 AE 1224.56 mm (Fig. 5) . The mean of increasing rate of epithelial thickness was 921.16 AE 263.17%.
The follow-up ranged from 4.2 years to 8.1 years with a mean follow-up of 5.8 years. A recurrence was found in a patient with Gorlin-Goltz syndrome involved lesions without decompression in the maxillary sinus. There was no recurrence in cases of decompression followed by enucleation. 3 An approximate the total thickness of the OKC using periodontal probe was measured after decompression followed by enucleation.
Discussion
Brannon 15 suggested that the mechanisms for recurrence of the OKC were incomplete removal, the growth of a new OKC from satellite cysts or remnant cyst after treatment, and development of a new OKC. Among them, Woolgar et al. 16 reported that operative factors have a significant influence on the recurrence of the OKC through a comparative study of the clinical and histological features of recurrent and non-recurrent OKC. Besides, Forssell et al. reported that the recurrence rate of OKC enucleated in one piece was lower than recurrence rate of OKC enucleated in several pieces, it is mandatory to eradicate the whole epithelium to reduce the recurrence. 17 Nevertheless, the operative problem is that OKC has a unique characteristic that the cyst wall is very thin and friable, so it is difficult to remove as a single piece because of specific features. This characteristic is associated with the high recurrence rates in the jaw lesions, 8 it explains why enucleation alone is a procedure with the highest recurrence rates. 8, 18 Decompression is one of the treatment modality to reduce recurrence by the histologic characteristic of the OKC. However, the regulatory mechanisms of how OKC is reduced and normal bone repair mechanisms are not clear. 11 In fact, marsupialization and decompression have a few differences. Marsupialization is a surgical technique of fenestration of the cystic wall and it can interconnect the cyst cavity with the oral cavity by suturing the inner cystic lumen with the oral mucosa. On the other hand, decompression means opening in the cystic wall for keeping the opening patent by using tube or stent. 19 The term was unified with decompression in this study because there was no case of only marsupialization.
Marsupialization has been regarded as a conservative treatment for OKC, 20, 21 although the exact mechanism that can reduce the size of the OKC and repair normal bone after marsupialization is not clear. 11 Aggressive treatment can be the recurrence even to 0%, 22 it is highly problematical whether aggressive treatment is the best choice when functional morbidity or cosmetic problems are considered. Even, the recurrence rate of decompression followed by enucleation is not significantly higher than aggressive treatment. 8, 22 So, Madras and Lapointe 23 suggested that decompression followed by enucleation is most effective treatment, marsupialization alone is not as a definitive treatment.
Shudou et al. reported that the reduction form of the OKC was like a balloon, the volume half-life was approximately 8 months and it is possible to enucleate the OKC only 1 month after marsupialization because larger OKC showed a stronger effect on marsupialization. 11 This study was shown similar results such as average 8.5 months decompression periods, 56% average decreasing rate.
Histopathologically, the OKC has regular parakeratinized stratified squamous epithelium with little or no evidence of rete ridges, and well-defined palisaded basal layer of columnar or cuboidal cells. The parakeratotic layers often have a corrugated surface. 1, 8 Major histopathologic features that can be considered to recurrences in OKC are as follows; 6 1) higher level of cell proliferative activity in the epithelium, 2) budding in the basal layer of the epithelium, 3) parakeratinization, 4) supraepithelial and subepithelial split of the epithelial lining, 5) presence of remnants, daughter cysts. Decompression results in considerable reduction in the cystic lumen, histologic change of the thin, fragile epithelium into thick, solid epithelium with no adhesion to the adjacent structures. 24 August et al. reported that epithelial dedifferentiation was observed in 64% of 14 patients treated by decompression/irrigation after 9 months. 25 Nakamura et al. 13 even reported the histologic changes from a parakeratinized epithelium into a hyperplastic, stratified, nonkeratinizing squamous epithelium after decompression. The inflammation may be closely related to the transformation of the classic epithelial cyst lining. 26 Because the OKCs are not common lesions, this study has been limited with a relative small number of the samples. Although decompression followed by enucleation cannot be generalized, this study has worth that present clinical and histomorphometric evidence to explain low recurrence rate of the decompression followed by enucleation. Fig. 4 The epithelial lining shows corrugated parakeratinized layer and nuclear palisaded basal layer of columnar cells before decompression. Fig. 5 The epithelial lining shows hyperplastic stratified squamous epithelium after decompression followed by enucleation.
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